Metformin reverses the deleterious effects of high glucose on osteoblast function.
An association has been previously established between uncompensated diabetes mellitus and the loss of bone mineral density and/or quality. In the present study, we examined the effects of different concentrations of glucose (5.5, 11, 22, and 44 mmol/L) with or without metformin (10-640 micromol/L) on rat primary osteoblasts cultured in an osteogenic medium. With 11 mmol/L glucose, cellular proliferation, alkaline phosphatase (ALP) activity, the number of nodules formed, and calcium deposition in mineralized nodules were increased significantly; intracellular reactive oxygen species (ROS) and apoptosis were slightly reduced, although these reductions were not statistically significant. At higher concentrations of glucose (22 and 44 mmol/L), cellular proliferation, ALP activity, the number of nodules formed, and calcium deposition were greatly reduced; ROS and apoptosis were significantly increased in a dose-dependent manner. Metformin markedly increased cellular proliferation, ALP activity, calcium deposition, and the number of nodules formed and inhibited ROS and apoptosis in all glucose groups. Moreover, we assessed the gene expression levels of Runx2, IGF-1, and IGF-1R. Eleven micromole per liter glucose stimulated Runx2 and IGF-1 expression; 44 mmol/L glucose inhibited Runx2, IGF-1, and IGF-1R expression. Metformin stimulated the expression of Runx2 and IGF-1 in three glucose groups, but it did not affect IGF-1R. In conclusion, our findings suggest that the dual effects of glucose on cell proliferation and development are dose dependent. Metformin not only significantly decreased intracellular ROS and apoptosis, but also had a direct osteogenic effect on osteoblasts at all glucose concentrations, which could be partially mediated via promotion of Runx2 and IGF-1 expression.